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A wrist unit to a robot arm 

■ 

TECHNICAL FIELD 

The present invention relates to a wrist unit for an in- 
dustrial robot, comprising a wrist housing which is inten- 
ded to be detachably fixed to an outer end of a robot arm. 
In a wrist housing, a tilt is pivotally journalled and, in 
its turn, supports a rotatably journalled turn disc on 
which an external tool is mounted. 

BACKGROUND ART 

When designing industrial robots, it is common to arrange 
the cabling, necessary for the robot, internally in the 
robot. For welding robots, it is equally common for the 
cabling to be drawn outside of the upper arm of the robot 
to an offset welding gun. This results in a space-demanding 
arrangement. When externally drawn cabling is used, there 
is always a risk of the cabling being hooked onto, for ex- 
ample, a workpiece, such as a car body. The risk of hooking 
is especially great if the cabling runs freely outside the 
wrist of the robot up to the tool. 

In the case of both external and internal cabling, there 
are problems with deformation and torsion of cables and 
wires. Problems arise particularly when the robot is to be 
able to bend the wrist more than 90°, Cables, for example 
for electric power to welding electrodes, power supply to 
tools and robot, electric signal cables for transmission of 
information from sensors at the welding head, hoses for 
compressed air and coolant and so on, are to be able to 
manage the necessary bending while at the same time rotat- 
ing in spite of the fact that they provide considerable re- 
sistance to such bending and rotation. 

When positioning the work tool of an industrial robot, 
problems arise when the cabling is drawn externally. The 
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fast movements of the robot cause externally arranged 
cabling to swing around the upper arm of the robot, resul- 
ting in a deterioration of the operating accuracy of the 
robot. The solution so far has been to control the speed 
and hence reduce the speed of the robot, for example before 
welding operations, to reduce the unwanted movements of the 
cabling and hence attempt to maintain an acceptable welding 
accuracy . 

The determination cabling here relates to process cabling, 
which may be surrounded by a casing for, for example wel- 
ding electrodes, power supply for the actual tool, and 
power supply to the robot. In addition, the determination 
comprises spare circuits for, for example, the various 
needs of the customer*. 

The patent document SE 508 735 (Figure 7) shows a wrist 
unit for an industrial robot. The wrist comprises a wrist 
housing that is detachably fixed to the external end of the 
upper arm of the robot. The wrist housing has a fork-like 
portion which supports a pivotally journalled tilt housing, 
which in turn .supports a rotatably journalled turn disc on 
which an external work tool is mounted. A first and a se- 
cond secondary drive shaft are arranged in parallel and ro- 
tatably journalled in the wrist housing. Cylindrical gear 
wheels are mounted on the input end of each respective se- 
condary drive shaft for engagement with a corresponding 
cylindrical gear drive on each respective primary drive 
shaft in the robot arm. The centre axes of the cylindrical 
gear wheels lie on the same side of an axial centre through 
the cylindrical gear drives. This makes it possible for the 
wrist housing to be radially adjustable and capable of 
being fixed on the end of the robot arm, whereby gear back- 
lash between the cylindrical gear drives and their respec- 
tive gear wheels on the secondary drive shafts may be ad- 
justed in a simple manner. 
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The patent document US 5,279,177 shows a wrist unit ar- 
ranged on the outer end of a robot arm in an industrial 
robot. The wrist unit comprises a rotatably arranged turn 
disc, which supports a robot tool. The object is to arrange 
5 a wrist unit with a relatively large through- opening inten- 
ded to pass cabling drawn through the opening. The wrist 
comprises a first cylinder that constitutes a coaxial ex- 
tension of the robot arm, which cylinder is arranged to be 
rotatable about its longitudinal axis and constitutes a 
10 first wrist axis. A second cylinder is coaxially arranged 
inside the first cylinder and is further rotatably arranged 
for rotation both around the first wrist axis and in rela- 
tion to the first cylinder. A first gear wheel is fixedly 
arranged at one end of the second cylinder for rotation 
15 about the first wrist axis. A drive shaft is arranged with 
an axis of rotation in parallel with the first wrist axis 
and rotatably supported by the first cylinder. A second 
gear wheel is arranged on one end of the drive shaft for 
engagement with the first gear wheel. The second conical 
20 gear wheel is rotatably supported by the first cylinder for 
rotation about a second axis of rotation. The second axis 
of rotation intersects both the first axis of rotation and 
a cylindrical portion secured to the second conical gear 
wheel for rotational movement about the second axis of 
25 rotation r^The object of the invention is to be able, in a 
robot for spray painting, to pull the hose for paint supply 
to the spray tool internally of the wrist, hence shortening 
the distance between the spraying tool and a colour-change 
valve. The problem is that the hose between the valve and 
30 the tool must be cleaned when changing colour and hence it 
is desirable for the distance between them to be as short 
as possible. In addition, this enables the robot tool to 
assume any inclination in any position. 

35 US 6,455,799 shows a robot arranged with a rotatable hollow 
arm part, a robot unit rotatable about a centre axis, and 
cabling drawn through the arm part and connected to the 
robot unit. The cabling is fixed in a controlling suppor- 
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ting member arranged inside the arm part. The bending move- 
ment is absorbed in that part of the cabling which is situ- 
ated between the supporting member and the robot unit and 
the rotational movement is absorbed by that part of the 
cabling which is situated inside the arm part. A torque 
transmitter transmits the rotation to the supporting member 
from the robot unit, which in one embodiment is in the form 
of a turn disc supporting the robot tool. 

When manufacturing industrial robots which are expected to 
manage fast movements in relatively narrow spaces and which 
at the same time are expected to manage to carry out opera- 
tions with high accuracy, a need. arises of arranging the 
cabling in a protected manner inside the robot and up to 
the tool in a way that enables fast and accurate movements 
of the robot tool. One problem that has existed for a long 
time is that an operator cannot simulate cables in an off- 
line environment. Cabling drawn outside a robot renders 
offline programming impossible, since it is impossible to 
simulate the swinging movements of the cabling arranged 
outside a robot when a robot is moving. In addition, there 
is the need for the robot to be space-saving, and then par- 
ticularly in the wrist which supports the tool and is to 
enter into narrow spaces. To this is to-be added the need 
felt by the robot user for a flexible robot design that fa- 
cilitates exchange of robot applications. 

This need cannot be fulfilled by any of the industrial ro- 
bots disclosed in the documents cited. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
space-saving wrist for an industrial robot. It is a further 
object to enable the necessary cabling of the robot to be 
configured to extend internally through the wrist. The in- 
tention is to make possible simulation capacity during off- 
line programming and, in addition, to provide faster and 
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more accurate movements of the robot. Further, it is an 
object to make possible larger mobility across the tilt, 
good accessibility for the robot and, at the same time, to 
eliminate undesired movements of the cabling upon fast 
movements of the robot. In addition, it is an object to 
make possible simple replacement of wrist and cabling, 
respectively. 

The solution according to the invention is, according to a 
fist aspect, to provide a wrist unit having features in 
accordance with those of the independent device claim 1, 
and an industrial robot having features in accordance with 
those of the dependent device claim 6, and, according to a 
second aspect, by a method for controlling an industrial 
robot in accordance with the independent method claim 11. 

Advantageous embodiments are defined in the dependent sub- 
claims . 

The solution according to the first aspect of the invention 
is to provide a wrist unit intended to be connected to a 
robot arm in an industrial robot. The wrist unit comprises 
a wrist housing, a wrist part/tilt pivotally journalled in 
the wrist housing for rotation about an axis of rotation E 
and a turn disc rotatably journalled on the wrist part/the 
tilt for rotation about an axis of rotation F. The axis of 
rotation E is adapted to cross the axis of rotation F. 
Further, the wrist housing comprises a first transmission 
configured to transmit rotation about axis of rotation E to 
the wrist part/ the tilt, and a second transmission configu- 
red to transmit rotation about axis of rotation F to the 
turn disc. The second transmission comprises a first drive- 
shaft tube arranged symmetrically along the symmetry axis 
of the wrist housing. The first drive-shaft tube is confi- 
gured to form a continuous channel which is configured to 
receive and house continuous cabling. 
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The wrist unit according to the invention permits a mobi- 
lity across the tilt of about +/- 70 degrees as compared 
with the previous about +/- 60 degrees. 

5 The inventive concept assumes that the wrist has three 

axes. Further, it is part of the inventive concept that the 
wrist is included in an optional industrial robot with at 
least one axis, which corresponds to the fourth axis of ro- 
tation D in the embodiment mentioned. The solution accor- 
10 ding to the invention permits the swinging and oscillation 
of cabling to take place behind the arm housing as viewed 
from the robot tool. 

The invention enables offline programming remotely from the 
15 robot and also remotely from the customer through the simu- 
lation capacity according to the above. 

According to an alternative embodiment of the invention, 
the wrist unit comprises at least one drive means for driv- 
20 ing one of the transmissions. In a further alternative em- 
bodiment, the wrist unit comprises two drive means, one for 
each transmission. The drive means are preferably arranged 
in that part of the wrist unit which is located nearest the 
connection to the robot arm. 

5 

It is part of the inventive concept that the wrist unit is 
intended to constitute part of a modularized industrial ro- 
bot. In an advantageous embodiment, the drive means which 
drive the respective transmission and the necessary bevel 
0 gear pairs are arranged outside and/or inside the robot 
arm. In this way, the invention makes it possible to ar- 
range a wrist unit with a comparatively low weight and, in 
addition, with a comparatively small physical extent in 
length, that is, a "shorter" wrist. In this way, the in- 
5 vent ion makes possible a modularized robot arm where a 
comparatively small and light wrist unit is easily repla- 
ceable. 
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According to the first aspect of the invention, the solu- 
tion is also to provide an industrial robot with a control 
system and a manipulator comprising a robot arm and an in- 
ventive wrist unit arranged on the robot arm. A wrist hous- 
ing is arranged for rotation about an axis of rotation D, a 
wrist part/tilt is pivotally journal led in the wrist hous- 
ing for rotation about an axis of rotation E, and a turn 
disc rotatably journalled on the wrist part/the tilt is 
arranged for rotation about an axis of rotation F. The axis 
of rotation F is configured to cross the axis of rotation 
E. Further, the wrist housing comprises a first transmiss- 
ion configured to transmit rotation from a first drive unit 
to the turn disc for rotation about the axis of rotation E, 
and a second transmission configured to transmit rotation 
from a second drive unit to the turn disc for rotation 
about the sixth axis of rotation. The first transmission 
comprises a drive- shaft tube arranged symmetrically along 
the axis of rotation D. The drive-shaft tube is designed to 
form a continuous channel with the intention that cabling 
be configured to extend through the channel, through the 
wrist housing, and up to the tilt to be secured to the turn 
disc. At least one section of the cabling extending through 
the drive- shaft tube is secured to the drive- shaft tube and 
accompanies the movement of the drive-shaft tube. 

The wrist unit according to the invention is arranged at 
the outer end of a robot upper arm. The solution makes pos- 
sible internally drawn cabling through the upper arm and 
wrist, thus eliminating the problems of externally swinging 
cabling. This permits the industrial robot to be capable of 
being simulated in a virtual computer environment, which is 
a requirement for present-day industrial robots. Further, 
the invention permits the external total turn radius of the 
robot, capable of being simulated, to become considerably 
smaller, relatively seen, than if the process cabling had 
been arranged externally of the robot. 



WO 2005/061 1 89 PCT/SE 2004/002004 

8 

The industrial robot according to the invention enables a 
separation of the movement of the cabling in the wrist unit 
with respect to rotational movement and bending movement. 
According to the inventive concept, the cabling, in a first 
section through the wrist housing, is subjected to bending 
only. Further, in a second section of the cabling, before 
the drive-shaft tube as viewed from the third axis of rota- 
tion, the cabling is subjected at least to rotation. How 
this is done will be described in the following. 

It is part of the inventive concept that the turn disc is 
driven synchronously with a drive-shaft tube and that the 
cabling is part of the drive-shaft tube and follows it 
synchronously. The cabling runs freely for bending in the 
wrist centre, and the synchronous rotational movement is 
diverted in the lateral direction. The synchronous rota- 
tional movement to the turn disc is led via a laterally 
placed drive shaft outside the wrist centre. The temporary 
gear ratio is recompensated. The synchronous rotational 
movement is led back in through the centre of rotation of 
the fifth axis of rotation to the tilt housing via a bevel 
gear pair which also intercepts the cabling again. The tem- 
porary gear ratio is thus recompensated. The cabling is 
again fixed to the synchronous rotational movement via the 
bevel gear pair and hence to the turn disc. A robot tool, 
which is attached to the centre of the turn disc, is thus 
driven synchronously by the drive-shaft tube. The gear 
ratio for the sixth axis of rotation is 1:1 synchronously 
through the wrist from the drive-shaft tube to the turn 
disc and similarly in the reverse direction from the turn 
disc to the drive-shaft tube. All gear ratio between the 
drive means and the turn disc takes place in the robot arm 
or in the wrist housing before the drive-shaft tube. The 
compensation causes also the cabling to be controlled by 
force together with the turn disc. 

All cabling movement takes place synchronously between the 
drive- shaft tube and the turn disc or in the reverse order. 
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If the sixth axis of rotation is to be rotated across a 
stationary fifth axis of rotation, the rotational movement 
takes place synchronously. If the fifth axis of rotation 
rotates, the control system compensates for the distortion 
that tends to arise in the sixth axis of rotation. Since 
the rotational movement is led back synchronously, the con- 
trol system senses the distortion as undesired and then 
compensates for this such that the forced distortion of the 
sixth axis of rotation is counteracted, that is, never ari- 
ses. The synchronous feedback returns the rotation synchro- 
nously for the sixth axis of rotation across the rotation 
of the tilt about the fifth axis. of rotation together with 
the rotation for the fourth axis of rotation. 

The solution makes it possible to minimize the total length 
of a wrist, to fulfil its need of functional dimensions 
and, in addition, to fulfil the need of the process cabling 
for bending and rotation across the bearing of the tilt 
across the fifth axis of rotation. The solution is based on 
a separation of simultaneous functions by returning the ro- 
tation synchronously for the sixth axis of rotation in the 
turn disc back across the rotation of the tilt about the 
fifth axis of rotation to take place together with the ro- 
tation for the fourth axis of rotation. The centre of the 
wrist unit is hence free for process cabling where there is 
normally a bevel gear pair for the gear ratio of the fifth 
axis of rotation. 

It is part of the inventive concept that the first drive 
means should be arranged either in the robot arm or in the 
wrist unit. It is also part of the inventive concept that 
the second drive means should be arranged either in the 
robot arm or in the wrist unit. In an advantageous embodi- 
ment of the invention, both the first and second drive 
means are arranged inside, or outside, the robot arm. 

It is part of the inventive concept to arrange the process 
cabling of a robot to extend through a centrally located 
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cavity with an extent through the whole upper arm of robot, 
said upper arm comprising a concentric orientation of the 
fourth and sixth axes of rotation. This enables the cabling 
to easily reach further into the wrist, which thus consti- 
tutes a service- friendly, fast and easily replaceable unit. 
In the wrist the centrally located cavity then continues 
and changes into a symmetrical wrist with no offset for the 
axis of rotation of the turn disc. Hence, an advantageous 
symmetrical movement pattern is obtained in the wrist. 

The embodiment of the wrist unit according to the inven- 
tion, with a continuous channel through the wrist housing 
and further up to the turn disc, allows space for process 
cabling configured to extend through the channel. It is 
part of the inventive concept that, for example, only 
process cabling as defined above is configured to extend 
through the robot arm and the wrist unit, respectively. The 
remaining parts of the cabling are, for example, configured 
to be wound on the outer casing of the process cabling. 

The solution according to the second aspect of the inven- 
tion is to provide a method in an industrial robot with a 
control system and a manipulator which comprises a robot 
arm and a wrist unit arranged on the robot arm. The wrist 
unit comprises a wrist housing arranged for rotation about 
a fourth axis and a wrist part/tilt pivotally journalled in 
the wrist housing for rotation about a fifth axis of rota- 
tion. A turn disc rotatably journalled on the wrist 
part/the tilt is arranged for rotation about a sixth axis 
of rotation where the sixth axis of rotation is configured 
to cross the fifth axis of rotation. Further, the wrist 
housing comprises a first transmission configured to trans- 
mit rotation from a first drive unit to the turn disc for 
rotation about the fifth axis of rotation and a second 
transmission configured to transmit rotation from a second 
drive unit to the turn disc about the sixth axis of rota- 
tion where the control system controls the first and second 
drive units. The control system is brought to control the 
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first and second drive units, respectively, such that the 
gear ratio between a drive-shaft tube, symmetrically ar- 
ranged in the first transmission, and the turn disc is 1:1, 

The robot wrist according to the invention allows a syn- 
chronous torque transmission of the rotational movement of 
the cabling from the turn disc back to the tubular shaft to 
achieve a separation of the requirements for simultaneous 
bending and rotation. The method according to the invention 
makes it possible to control the first and second drive 
means to rotate the first and second transmissions, res- 
pectively, for simultaneous rotation of the turn disc about 
the fifth and sixth axes of rotation, respectively, and at 
the same time to compensate such that the part of the cab- 

w 

ling that extends through the wrist is subjected to bending 
only. 

This eliminates the need of a recompensating torque trans- 
mitter, which is part of the known technique. Hence, with- 
out a torque transmitter, it is possible to provide a - 

» 

relatively seen - considerably smaller wrist unit. 

It is part of the inventive concept to use straight gears 
also in the first stage. They are less expensive and easy 
to install and eliminate the need of shimming. It is also 
part of the inventive concept to XXXXXX 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be explained in greater detail, by de- 
scription of embodiments, with reference to the accompany- 
ing drawings, wherein: 

Figure 1 is a six-axis industrial robot, 

Figure 2 is a wrist unit, according to the invention, with 
a double-bearing tilt, 
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Figure 3 is a longitudinal section through the wrist unit 
of Figure 2, 

Figure 4 is a wrist unit according to Figure 3, provided 
with cabling, 

Figure 5a are two embodiments with drive means arranged, 
respectively, outside and inside a robot arm according to 
Figure 1, 

Figure 5b are two embodiments with drive means arranged, 
respectively, outside and inside. a wrist unit according to 
Figures 2-4, 

Figure 6 is a schematic view of a single-bearing tilt, 

Figures 7a and 7b show alternative transmission solutions 
in a wrist unit according to Figure 4, 

Figure 8 is the prior art. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

An industrial robot comprises a control system, a manipula- 
tor and electric motor units configured to attend to the 
movements of the manipulator. Each motor unit comprises an 
electric motor, a brake and a drive means and transmits ro- 
tational movements to the manipulator. Figure 1 shows a 
six-axis industrial robot 1 with a foot 2, which is mounted 
against a base. The robot further comprises a stand 3, 
which is rota table in relation to the foot 2 about a first 
axis of rotation A. In the stand 3, a first robot arm 4 is 
rotatably journalled for rotation about a second axis of 
rotation B. The industrial robot shown further comprises a 
second robot arm 5, which is rotatably journalled in the 
outer end of the first robot arm for rotation about a third 
axis of rotation C. The second robot arm 5 comprises two 
parts, an inner part 5a and an outer part 5b, whereby the 
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outer part 5b is rotatable in relation to the inner part 5a 
about a fourth axis of rotation D which coincides with the 
longitudinal axis of the second arm. A wrist unit 6 is ar- 
ranged at the outer end of the second robot arm 5 and com- 

5 prises a wrist housing 7, which is supported by the outer 
part 5b of the second robot arm. The wrist part further 
comprises a wrist part 8, here designated tilt, journalled 
in the wrist housing 7. The tilt 8 is rotatably journalled 
in the wrist housing 7 for rotation about a fifth axis of 

0 rotation E. A turn disc 9 is arranged on the tilt for rota- 
tion about a sixth axis of rotation F. The manipulator is 
connected to a control system la. 



Figure 2 is a wrist unit 6 comprising a wrist housing 7 and 
5 a wrist part/tilt 8. The tilt 8 is rotatably journalled in 
a fork- like part 7a of the wrist housing 7 for rotation 
about a fifth axis of rotation E. A turn disc 9 is arranged 
on the tilt for rotation about a sixth axis of rotation F. 
The wrist part constitutes a module that is intended to be 
0 connected to a robot arm. The wrist housing is formed with 
a preselected length 1, which is chosen, among other 
things, with regard to the robot application in question 
and the location of one or more drive means which transmit 
rotation to the first and second transmissions. 

5 

Figure 3 is a wrist unit where the fifth axis of rotation E 
and the sixth axis of rotation F cross each other at right 
angles. A first transmission 10 transmits rotation to the 
tilt 8 for rotation about the fifth axis E. A second trans- 

0 mission 11 transmits rotation to the turn disc 9 for rota- 
tion about the sixth axis F. The first transmission 10 com- 
prises a first drive-shaft tube 13 and the second trans- 
mission 11 comprises a second drive-shaft tube 12. The 
first 13 and second 12 drive- shaft tubes are arranged sym- 

5 metrically and coaxially inside each other along the sym- 
metry axis G of the wrist housing. The first 13 and second 
12 drive-shaft tubes are arranged in the wrist housing with 
an extent in the longitudinal direction which does not ex- 
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ceed the length 1 of the wrist housing (see Figure 2) . The 
second drive-shaft tube 12 is arranged farthest in and 
forms an inner continuous channel 14 in the wrist housing. 
The first 13 and second 12 drive-shaft tubes are arranged 
offset in relation to the wrist centre 

The second transmission 11 comprises a second drive-shaft 
tube 12 provided with a first gear ring 15, which is ar- 
ranged in driving engagement with a second gear ring 17 
arranged at one end 16a of a rotatably journalled first 
drive shaft 16 (see Figure 4) . The second end 16b of the 
first drive shaft is provided with a third gear ring 18, 
which has a conical shape. The third gear ring is arranged 
in driving engagement with a fourth gear ring 19, which has 
a conical shape and is arranged at one end 20a of a rota- 
tably arranged shaft 20. In the longitudinal direction the 
shaft 20 is arranged to be coaxial with the axis of rota- 
tion E and, at its other end 20b, supports a fifth gear 
ring 21. The fifth gear ring has a conical shape and is 
arranged in driving engagement with a sixth gear ring 22 
arranged on the tilt 8, The sixth gear ring 22 is driven to 
rotate about its symmetry axis, which consists of an axis 
of rotation F and hence the tilt 8 rotates together with 
the turn disc 9 about the axis of rotation F. 

The first transmission 10 comprises a first drive-shaft 
tube 13 provided with a seventh gear ring 23, which is 
arranged in driving engagement with an eighth gear ring 24 
arranged at one end 25a of a rotatably journalled second 
drive shaft 25. The second end 25b of the second drive 
shaft is provided with a ninth gear ring 26, which has a 
conical shape. The ninth gear ring 26 is arranged in driv- 
ing engagement with a tenth gear ring 27, which has a coni- 
cal shape and is arranged at one end 28a of a rotatably 
arranged shaft 28. In the longitudinal direction the shaft 
28 is arranged to be coaxial with and driven to rotate 
about the axis of rotation E, and hence the tilt 8 is 
moved/rotated about the axis of rotation E. 
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Figure 4 is a wrist unit according to Figure 3, provided 
with cabling 29. The cabling emanates from and is drawn 
through at least part of the outer part 5b of the robot arm 
5, and further through the second drive- shaft tube 12. At 
least along a section 29a, the cabling 29 is fixed to the 
first drive-shaft tube 12 for simultaneous rotation with 
the drive-shaft tube. Further, the cabling 29 is configured 
to extend through the fork-like part 7a of the wrist hous- 
ing 7 and is further drawn up to and fixed to the turn disc 
9. 

A first drive means 30 is arranged for driving the first 
drive-shaft tube 13 in the first transmission 10 and a 
second drive means 31 is arranged for driving the second 
drive-shaft tube 12 in the second transmission 11. Figure 
5a shows two embodiments where the first and second drive 
means, 30 and 31, are arranged, respectively, on and inside 
the robot arm 5. Figure 5b shows alternative embodiments 
where the first and second drive means 30 and 31 are ar- 
ranged, respectively, on and inside that part of the wrist 
unit which is closest to the robot arm 5. 

In an industrial robot according to Figure 1, arranged with 
a wrist unit 6 according to Figures 2-4 and cabling accor- 
ding to Figure 4, the following method is made possible 
according to the invention. In a wrist part according to 
Figure 4, a rotation of the second drive-shaft tube 12 
leads to the cabling 29 also being rotated. The same rota- 
tion causes that part of the cabling, which extends through 
the fork-like wrist housing and up to the turn disc 9, to 
be rotated as well. The movement of the second drive tube 
12 is transmitted through the second transmission 11 to the 
turn disc 9. The cabling 29 is fixed to the turn disc 9 and 
both the movement of the cabling 29 and the movement of the 
turn disc 9 occur synchronously since the gear ratio is 
configured to be 1:1. There is no gear ratio in the move- 
ment and hence no difference in movement. 
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Upon simultaneous movement about the axes E and F, the con- 
trol system carries out a compensation that is based on ex- 
perience. The system knows how a rotation about the E-axis 
leads to rotation about the F-axis due to the fact that the 
5 fifth and sixth gear rings are connected in a driving 
manner. The control system is designed to compensate for 
the rotation about the E-axis, whereby the cabling between 
the drive- shaft tube and the turn disc in all positions is 
subjected to pure bending only* The rotational movement is 
10 absorbed in that part of the cabling which is located be- 
tween the drive- shaft tube 12 and the robot arm 5 where the 
cable is thus distorted. 



Figure 6 is a schematic view of a wrist unit according to 
15 the invention, with a tilt suspended by means of a single 
bearing. Two bevel gear pairs (not shown) configured to act 
in each other provide a single-bearing arrangement 32 of a 
tilt 33. The wrist housing is provided with a supporting 
bearing 34 for the tilt 33. 

20 

Figure 7a schematically shows an alternative transmission 
solution in a wrist unit according to Figure 4. A first 
transmission 10a comprising a drive shaft 35 arranged to be 
parallel and eccentric in relation to cabling 14 extending 

25 through the wrist, in accordance with Figure 4, is confi- 
gured to transmit rotation about axis E. A second trans- 
mission 11a comprising a drive shaft 36 arranged to be 
parallel and eccentric in relation to cabling 14 extending 
through the wrist, in accordance with Figure 4, is confi- 

30 gured to transmit rotation about axis F. The drive shaft 36 
transmits rotation to both drive shaft 16a and drive-shaft 
tube 12a. 



Figure 7b schematically shows an alternative transmission 
35 solution in a wrist unit according to Figure 4. A first 

transmission 10b comprising a drive shaft 37 arranged to be 
parallel and eccentric in relation to cabling 14 extending 
through the wrist, in accordance with Figure 4, is confi- 
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gured to transmit rotation about axis E. A second trans- 
mission lib comprises a drive-shaft tube 12b arranged in 
accordance with Figure 4 and is configured to transmit ro- 
tation about axis F. The drive-shaft tube 12b transmits ro- 
5 tation to drive shaft 16b. It should be pointed out that 
Figures 7a and 7b only show solutions in principle. Figures 
7a and 7b do not show optimal dimensions of the parts in- 
cluded. 

10 The solutions in Figures 7a and 7b make possible an alter- 
native location of the motors, for example located at an 
angle of 90 degrees in relation to the symmetry line/axis 
of rotation D of the upper arm. 



